Rainfed smallholder agriculture in semi-arid areas is subject to numerous constraints.
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Introduction
Rainfed agriculture is a potential key to food production in the semi-arid areas (Rosegrant et al., 2002) . Ninety-five percent of the current population growth occurs in developing countries and a large proportion of these people rely on rainfed food production (Rockstrom et al., 2003) . Fifty-eight percent of the world's food production comes from rainfed agriculture (Rosegrant et al., 2002) . Irrigation development assistance from major International donors has been on the decline over the years as a result of high capital costs, water scarcities, limited benefits to the poor rural communities and negative environmental impacts (Postel, 1989) . Thus food production and rural livelihoods will continue to rely on rainfed agriculture for the foreseeable future. To achieve this, water productivity and crop yields have to be improved in rainfed farming systems. Analysis of on-farm water balances in SubSaharan Africa indicates that there is a great potential to improve crop and water productivity in the region. There is an opportunity to redirect unproductive green and blue water flows to productive green water (crop transpiration) (Rockström et al., 1999) . In view of this several studies have been conducted on water and soil management in semi-arid regions (Nyamudeza et al., 1992; Klaij and Vauchad, 1992; Chuma, 1993; Twomlow and Dhilwayo, 1999; Twomlow and Bruneau, 2000; Rockström et al., 2003; Barron, 2004) . Water harvesting techniques can improve water supply to the crops in rainfed cropping systems.
Rainfall in semi-arid areas of Zimbabwe occurs from November to March followed by a cool to warm period from May to October. Rainfall is erratic and highly variable both spatially and temporally. Variations in semi-arid rainfall patterns also include delayed on-set and premature end of the rainy season. The rainfall often occurs as high intensity, short duration convective storms (Nonner, 1997) giving rise to severe soil erosion especially early in the cropping season when the ground is still bare.
During the cropping season intra-seasonal dry spells are now a common feature and their impact on crop production is often severe, especially if they coincide with critical stages of crop development (Oosterhout, 1996; Rockstrom et al., 2003) . In the semi arid areas severe crop reductions due to dry spells occur once or twice in every five years (Rockstrom et al., 2002) . The long-term annual average rainfall in southern Zimbabwe is 590 mm with an estimated 70-85% of rainfall being lost through soil evaporation, surface runoff and deep percolation (Rockstrom et al, 2002) .
Continuous cropping without addition of nutrients and organic matter is a major threat to sustainable crop production in sub-Saharan Africa (Waddington et al., 1994) .
About 70% of Zimbabwe's soils are derived from granite and have limited inherent agricultural potential (Grant, 1981) . These soils are light textured, infertile and deficient in nitrogen, phosphorus and sulphur (Grant, 1981) . Water holding capacity and organic matter status of these granite-derived soils are poor (Twomlow and Bruneau, 1999) . These low fertility soils are susceptible to degradation upon cultivation especially where management is not appropriate (Burt et al., 2001) .
Conservation tillage (no till and reduced tillage) practices simultaneously conserve soil and water resources, reduce farm energy and increase or stabilise crop production.
Conservation tillage leads to positive changes in the physical, chemical and biological properties of a soil (Bescanca et al., 2006) . Soil physical properties that are influenced by conservation tillage include bulk density, infiltration and water retention (Osunbitan et al., 2004) . Improved infiltration of rainwater into the soil increases water availability to plants, reduces surface runoff and improves groundwater recharge (Lipiec et al., 2005) . Reduced soil cultivation reduces farm energy requirements and overall farming costs as less area has to be tilled (Monzon et al., 2006) . This is crucial for the semi arid areas of Zimbabwe where draught animals are weak at a time when land preparation has to commence.
Infiltration and soil evaporation are among the key processes that determine soil water availability to crops in semi arid agriculture. The presence of crop residue mulch at the soil-atmosphere interface has a direct influence on infiltration of rainwater into the soil and evaporation from the soil. Mulch cover reduces surface runoff and holds rainwater at the soil surface thereby giving it more time to infiltrate into the soil.
Trials conducted in the higher potential areas of Zimbabwe between 1988 and 1995 indicated that mulching significantly reduced surface runoff and hence soil loss (Erenstein, 2002) . Mulch cover shields the soil from solar radiation thereby reducing evaporation from the soil. Soil biota increase under mulched soil environment thereby improving nutrient cycling and organic matter build up over a period of several years (Holland, 2004) .
This study was established to determine maize (Zea mays L.) yield and soil water responses to minimum tillage and mulching on clay and sandy soils and identify optimum rates of mulch application for low potential areas of southern Zimbabwe. This paper focuses on the initial maize yield and soil water responses to the establishment of 3 tillage and 7 mulching treatments under two different rainy seasons, and the cumulative effects of tillage and mulching for clay and sandy soils. is rapid to very rapid and external drainage is characterised by slow runoff (Moyo, 2001 ). Chemical and physical properties of the two soil types are shown in Table 1 .
Materials and methods

Experimental sites
Matopos Research Station is located in Natural Farming Region IV. This farming region is characterized by semi-arid climatic conditions with annual rainfall ranging between 450 and 650 mm. Rainfall season is monomodal and begins in November/December and ends in March/April. The long-term average rainfall for
Matopos and Lucydale is 590 mm. The cropping season experiences periodic dry spells particularly in January. It is followed by a cool to warm dry season from May to September.
Experimental layout
The experiment was set up with a factorial treatment structure consisting of 3 tillage methods (conventional ploughing, ripping and planting basins) and 7 rates of mulch cover (0, 0.5, 1, 2, 4, 8 and 10 tha -1 ). The experiment is still on going for 2 more cropping seasons. The treatments were arranged in a randomised complete block design with 3 replications at each site. Plots measuring 8m x 8m were pegged out in
October of the first year, and then maintained in subsequent season. Seven different quantities of mulch cover were applied randomly to plots under each tillage method.
At with 2 kernels per-station for the ripping and conventional tillage treatments. Plants were thinned to 2 per basin in planting basin and 1 plant per station in the ripping and conventional tillage treatments 2 weeks after planting to achieve a population of 37 000 plants per hectare. Ammonium nitrate (34.5% N) applied to all plots at 50 kgANha -1 as topdressing when the maize had reached the 6 leaf stage. Weeds were controlled by handhoe weeding in all plots throughout the two seasons.
Data collection
At harvest grain and stover (above-ground biomass minus grain) yields were estimated from a net plot consisting of the 5 middle rows with a length of 6m. The weights of cobs and stover from the netplot of each treatment were determined in the field before taking subsamples for moisture correction. Grain and stover samples were dried at 60 o C for 48 hours for moisture adjustment. The maize shelling percentage was determined for each treatment for converting cob weight into grain weight. Grain mass was converted to a per hectare basis at 12.5% moisture content as final grain yield.
Gravimetric soil water was determined by collecting soil samples between basins, along riplines and between rows in the planting basins, ripping and conventional tillage treatments respectively. For bulk density determination soil samples were collected by stainless steel cores of 50mm internal diameter and 50mm long. Soil samples for bulk density determination were collected before planting from outside the plots but within the same field. The soils were oven dried at 105 o C for 48 hours before determining gravimetric water content. Bulk density and gravimetric water content for each soil layer were calculated using the procedure outlined by Anderson and Ingram (1993) . Gravimetric water content was converted to volumetric water content for each respective depth using the measured bulk density for each soil layer.
Soil water content in millimetres was determined by multiplying volumetric water content by thickness of each layer from which soil water was measured.
Statistical analysis
Analysis of Variance (Anova) was conducted to determine the effect of tillage practice and mulching on maize yield and soil water content using Genstat version 8.1. Probability levels of 0.001 to 0.05 were used to determine level of significance between means.
Results
Seasonal rainfall
The 2004 
Maize yield
Matopos site
The 3 tillage methods significantly (p = 0.015) influenced maize stover production with planting basins giving the lowest yield during 2004/05 season (Fig. 3) . During the 2005/06 season conventional and basin tillage methods had a similar effect (p>0.05) on maize stover production. In the 2 seasons of experimentation neither tillage nor mulching or a combination of the two had a significant effect on maize grain yield and harvest index at Matopos.
Lucydale site
During the lower rainfall 2004/05 cropping season (Fig. 2 ) the highest (p = 0.003) grain yield was achieved from the planting basin tillage treatment (Fig. 4) (Fig 7) . Soil water content increased with increase in mulch cover under the 3 tillage treatments. As the cropping season progressed soil water content remained significantly (P<0.001) higher under 4, 8 and 10 tha -1 mulch treatments. The 3 tillage methods had no significant influence on soil water content observed during the season.
Lucydale site (2004/05 season)
Soil water content in the top 0.30 m of the profile varied significantly (P<0.001) between the days of measurement (Fig. 8) . The lowest soil water content in all tillage treatments was recorded at 56 days after planting. Fluctuations in soil water content were small as the cropping period neared its end (between 98 and 112 days after planting). Soil water content significantly (P<0.001) increased with an increase in mulch cover (Fig. 9) . Further increase in mulch cover beyond 4 tha -1 did not give additional benefits in soil water content under the 3 tillage treatments.
Matopos site (2005/06 season)
Soil water content in the top 0.30 m of the profile gradually declined as the season progressed (Fig. 10) . Soil water content in the profile was significantly high between the day of planting and 20 days after planting. Thereafter soil water content decreased (p < 0.001) especially between 14 and 52 days after planting. Mulching and tillage had no significant (p>0.05) influence on soil water content observed in the top 0.30 m depth during the season. Planting basins started with marginally higher soil water content in the top 0.30 m soil depth (Fig. 10) .
Lucydale site (2005/06 season)
Under all tillage practices soil water content in the 0-0.60m profile decreased rapidly between 83 and 97 days after planting (Fig. 11) . The period between 41 and 69 days after planting also experienced soil water decline (P<0.001) in the 0.60m soil profile.
The soil profile under conventional tillage experienced a faster drying than planting basin and ripper tillage profiles between 24 and 69 days after planting. Mulching and tillage method had no significant influence on soil water content in the profile.
Discussion
The 
Conclusion
In poor rainfall seasons there is greater competition for soil water by maize grown in planting basins compared to ripper and conventional tillage. Planting basins harvest more rainwater at the beginning of the season than ripper and conventional tillage.
Minimum tillage, even in combination with mulching, gives only small maize yield benefits. The study showed that in the short term soil water could not be significantly influenced by minimum tillage but by mulching over the 2-year period of experimentation. Soil water benefits increase linearly with increase in mulch cover but beyond 4 tha -1 benefits derived from mulching begin to decline on both clayey and sandy soils. 
